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(54) Instrument for trialing for modular hip stems 

(57) A trial (100) for use in performing joint arthro- 
plasty fits in a cavity (103) in the canal (105) of a long 
bone (107) and assists in the performing of a trial reduc- 
tion in performing joint arthroplasty. The trial (100) in- 
cludes a stem portion (102) and a neck portion (104) 
fixedly connected to the stem portion (102) in a plurality 
of selectable positions with respect to the stem portion 
(102). 
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Description 

[0001] The present invention relates generally to an 
implant for use in arthroplasty. 
[0002] Patients who suffer from the pain and immobil- 
ity caused by osteoarthritis and rheumatoid arthritis 
have an option of joint replacement surgery. Joint re- 
placement surgery is quite common and enables many 
individuals to function properly when it would not be oth- 
erwise possible to do so. Artificial joints are usually com- 
prised of metal, ceramic and/or plastic components that 
are fixed to existing bone. 

[0003] Such joint replacement surgery is otherwise 
known as joint arthroplasty. Joint arthroplasty is a well- 
known surgical procedure by which a diseased and/or 
damaged joint is replaced with a prosthetic joint. In a 
typical total joint arthroplasty, the ends or distal portions 
of the bones adjacent to the joint are resected or a por- 
tion of the distal part of the bone is removed and the 
artificial joint is secured thereto. 
[0004] There are known to exist many designs and 
methods for manufacturing implantable articles, such as 
bone prostheses. Such bone prostheses include com- 
ponents of artificial joints such as elbows, hips, knees 
and shoulders. 

[0005] Currently in total hip arthroplasty, a major crit- 
ical concern is the instability of the joint. Instability is as- 
sociated with dislocation. Dislocation is particularly a 
problem in total hip arthroplasty. 
[0006] Factors related to dislocation include surgical 
technique, implant design, implant positioning and pa- 
tient related factors. In total hip arthroplasty, implant sys- 
tems address this concern by offering a series of prod- 
ucts with a range of lateral offsets, neck offsets, head 
offsets and leg lengths. The combination of these four 
factors affects the laxity of the soft tissue. By optimizing 
the biomechanics, the surgeon can provide a patient a 
stable hip much more resistant to dislocation. In order 
to accommodate the range of patient anthropometrics, 
a wide range of hip implant geometries are currently 
manufactured by DePuy Orthopaedics Inc. In particular, 
the total hip systems available from DePuy Orthopaed- 
ics, Inc under the trade mark S-ROM include three off- 
sets, three neck lengths, four head lengths and one leg 
length adjustment. The combination of all these bio- 
mechanic options is rather complex. 
[0007] Anteversion of a total hip system is closely 
linked to the stability of the joint. Improper version can 
lead to dislocation and patient dissatisfaction. Version 
control is important in all hip stems. However, it is a more 
challenging issue with the advent of stems with addition- 
al modularity. 

[0008] The prior art has provided for some addressing 
of the anteversion problem. For example, the current 
stems (such as those sold under the trade mark S-ROM) 
have laser markings on the medial stem and the proxi- 
mal sleeve. This marking enables the surgeon to meas- 
ure relative alignment between these components. 



Since the sleeve has infinite anteversion, it is not nec- 
essarily oriented relative to a bony landmark that can be 
used to define anteversion. In fact, the current sleeves 
are sometimes oriented with the spout pointing directly 
5 laterally into the remaining available bone. 

[0009] Prior art stems may be aligned relative to a pa- 
tient's bony landmarks. These stems are monolithic. 
They cannot locate the neck independently of the distal 
stem. Therefore, the anteversion is limited. Most bowed, 
10 monolithic stems are sold in fixed anteversion; for ex- 
ample, at an anteversion of 1 5°. These monolithic stems 
have limited flexibility for rotational alignment since the 
distal stem must follow the bow of the patient's femur 
and this may not provide an operable biomechanical re- 
's suit. 

[0010] In a common step in the surgical procedure 
known as total hip arthroplasty, a trial or substitute stem 
is first implanted into the patient. The trial is utilized to 
verify the selected size and shape of the implant in situ 

20 on the patient and the patient is subjected to what is 
known as a trial reduction. This trial reduction repre- 
sents moving the joint, including the trial implant through 
selected typical motions for that joint. Current hip instru- 
ments provide a series of trials of different sizes to help 

25 the surgeon assess the fit and position of the implant. 
Trials, which are also known as provisionals, allow the 
surgeon to perform a trial reduction to assess the suit- 
ability of the implant and implant's stability prior to final 
implant selection. In order to reduce inventory costs and 

30 complexity, many trialing systems are modular. For ex- 
ample, in the instrument system that is available from 
DePuy Orthopaedics, Inc under the trade mark Excel, 
there is a series of broaches and a series of neck trials 
that can be mixed and matched to represent the full 

35 range of implants. There is a single fixed relationship 
between a broach and a neck trial, because these trials 
represent a system of monolithic stem implants. 
[0011] Likewise, in the current S-ROM instrument 
systems provided by DePuy Orthopaedics, Inc., there 

40 are neck trials, proximal body trials, distal stem trials, 
head trials and sleeve trials. By combining all these 
components, the implant is represented. Since the 
S-ROM stem is modular and includes a stem and a 
sleeve, the angular relationship or relative anteversion 

45 between the neck and the sleeve is independent and 
represented by teeth mating between the neck and the 
proximal body trial. The proximal body trial has fixed 
transverse bolts that are keyed to the sleeve in the tri- 
aling for straight, primary stems. The long stem trials do 

50 not have the transverse bolts and are thus not rotation- 
ally stable during trial reduction and therefore are not 
always used by the surgeon. 

[0012] With the introduction of additional implant 
modularity, the need for independent positioning of the 
55 distal stem, proximal body and any sleeve which com- 
prise the implants is required. Currently bowed, mono- 
lithic stems are offered with a fixed amount of antever- 
sion, typically 15°. 
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[0013] Thus, a need for a prosthetic trial and related 
implants that provide for anteversion alignment relative 
to a patient's bony landmark exists. 
[0014] Accurate trialing of stem implants is particular- 
ly critical with difficult revision cases. Specifically, since 5 
the final axial position of the distal stem implant is often 
unknown and not identical to the axial placement of the 
distal stem trial, a final check with a trial is an advantage 
to a surgeon. Although this can be done in some current 
systems, it has not been shown with mechanical key w 
ways that improve the accuracy of the alignment. Ac- 
cording to the present invention, a trial and related sur- 
gical method is provided with key ways, teeth, grooves, 
etc. to provide a mechanical means of communicating 
mechanically alignment information which is considera- 15 
bly more accurate than the standard method of laser 
marking and visual recreation. The implant trials of the 
present invention allow for accurate measurement and 
mapping of the rotational position of all components 
within the trial. 20 
[0015] In modular prosthetic stem designs, bowed 
stems follow the anatomical curve of the intermedullary 
canal of the long bone, and by having a modular stem 
design, the surgeon is now able to optimize the rotation- 
al position of all three components. Thus, infinite an- 25 
teversion of the proximal body implant is possible even 
when used with bowed distal stems. In addition to stand- 
ard instrument requirements such as reproducing range 
of implant sizes and shapes, the present invention de- 
scribes a trial and a surgical procedure with additional 30 
features that are critical to the functionality of a modular 
stem implant. These new requirements include accurate 
mapping of the relative alignment of neck trials, proximal 
body trials, distal stem trials and sleeve trials to their 
corresponding implant components. The requirements 35 
also include providing absolute alignment relative to the 
intramedullary canal and to provide alignment using me- 
chanical features in addition to standard techniques us- 
ing laser markings. Further, the new implant require- 
ments include a new trialing design which is compatible 4 o 
with existing implants which clearly expands the value 
of the new design trial. 

[0016] The trial of the present invention provides for 
absolute anteversion in a bowed revision stem. The sur- 
geon may simply use a bowed distal stem trial to locate *5 
the anterior bow of the femur. By utilizing this bowed 
distal stem trial, the bowed intramedullary canal can be 
used to define anteversion anatomically, and the abso- 
lute anteversion of a patient's bone in situ can be dimen- 
sioned using these tools of the present invention. With so 
the present invention, the bowed intramedullary canal 
of the femur can be used to define anteversion anatom- 
ically. 

[0017] In one aspect, the present invention provides 
a trial for use in performing joint arthroplasty. The trial is 55 
to be fitted to a cavity in the canal of a long bone. The 
trial comprises a stem portion and a neck portion. The 
neck portion is fixedly connected to the stem portion in 



a plurality of selectable positions with respect to the 
stem portion. 

[0018] In another aspect, the present invention pro- 
vides a kit for use in performing joint arthroplasty. The 
kit comprises a trial and an implant. The trial is for use 
in performing joint arthroplasty. The trial is to be fitted to 
a cavity in the canal of a long bone and to assist in per- 
forming a trial reduction in performing joint arthroplasty. 
The trial includes a stem portion and a neck portion se- 
lectively operably connected to said the portion in a plu- 
rality of selectable positions with respect to the stem por- 
tion. The implant is for use in performing joint arthro- 
plasty. The implant is to be fitted to a cavity in the canal 
of a long bone and to assist in performing joint arthro- 
plasty. The implant includes a stem portion and a prox- 
imal body portion selectively operably connected to the 
stem portion in a plurality of selectable positions with 
respect to the stem portion. 

[0019] In another aspect, the present invention pro- 
vides a trial for use in performing total hip arthroplasty. 
The trial is to be fitted to a cavity in the femoral canal of 
a femur and is provided to assist in performing a trial 
reduction in performing joint arthroplasty. The trial com- 
prises a stem portion and a neck portion. The stem por- 
tion defines a longitudinal axis. The neck portion is se- 
lectively rotatably connected to the stem portion and fix- 
edly connectable in plurality of selectable positions with 
respect to the stem portion about the longitudinal axis 
of the stem portion. 

[0020] In another aspect, the present invention pro- 
vides a kit for use in performing hip joint arthroplasty. 
The kit comprises a trial and an implant set. The trial is 
for use in performing joint arthroplasty; the trial is to be 
fitted to a cavity in the canal of a long bone and to assist 
in performing a trial reduction in performing joint arthro- 
plasty. The trial includes a stem portion and a neck por- 
tion selectively operably connected to the stem portion 
in a plurality of selectable positions with respect to the 
stem portion. The implant set includes a plurality of prox- 
imal bodies and distal components. An implantable im- 
plant is to be selected from one of the proximal bodies 
and one of the distal components. The implantable im- 
plant is to be positioned in the cavity of the long bone, 
so that the proximal body and the distal component can 
be assembled to form a hip femoral component assem- 
bly without the removal of the distal component from the 
cavity and so that the implantable implant can be as- 
sembled from said implant set. 
[0021] The trial of the present invention can be used 
in a method for providing joint arthroplasty in which a 
long bone is resected, and a cavity is prepared in the 
medullary canal of the long bone. A trial is provided. The 
trial has a stem portion and a neck portion adjustably, 
fixedly connected to the stem portion in a plurality of se- 
lectable positions with respect to the stem portion. The 
stem portion has a feature to cooperate with a bony 
landmark of the patient. One of a plurality of selected 
positions is selected. A trial reduction is performed using 
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the trial. The optimum position of the neck portion with 
respect to the stem portion is determined. An implant is 
selected with the optimum position of the neck portion 
with respect to the stem portion. An implant is selected 
with the optimum position of the neck portion with re- 
spect to the stem portion. A selected implant is implant- 
ed in the cavity. 

[0022] The trial can be used in a method for providing 
joint arthroplasty comprising resecting a long bone and 
preparing a cavity in the medullary canal of the long 
bone. A trial is provided having at least two portions; the 
two portions are rotatable with respect to one another. 
An implant is provided having at least two portions; the 
two portions are rotatable with respect to one another. 
A tool is also provided. The tool, the portions of the trial 
and the portions of the implant have mating keys and 
keyways for determining the relative rotational position 
of said portions of said trial and said implant. 
[0023] The trial can be used in a method for providing 
joint arthroplasty wherein the joint includes a long bone 
having a bow and a neck and an intramedullary canal 
having a bow. The method comprises determining the 
position of a plane through the bow and intramedullary 
canal of the long bone and determining the anatomic 
anteversion angle from the position of the plane of the 
bow and the position of the neck. A trial is provided hav- 
ing a stem portion and a neck portion adjustably, fixedly 
connected to the stem portion in a plurality of selectable 
positions with respect to the stem portion. The stem por- 
tion has a bow to fit in the bow of the intramedullary ca- 
nal. The neck portion is positioned on the stem portion 
at a trial anteversion angle based upon the anatomic an- 
teversion angle. An implant is provided having a stem 
portion and a proximal portion adjustably, fixedly con- 
nected to the stem portion in a plurality of selectable po- 
sitions with respect to the stem portion. The stem portion 
has a bow to fit the bow in the intramedullary canal. The 
proximal portion of the implant is positioned on the stem 
portion of the implant at a prosthetic anteversion angle 
based upon the trial anteversion angle. 
[0024] The technical advantages the present inven- 
tion include the ability of the trials of the present inven- 
tion to be used such that a distal stem implant may be 
placed in situ and the proximal body trial and neck trial 
be placed on the distal stem implant. This combination 
of distal stem implant and proximal body trial may be 
accomplished without damaging the locking taper on the 
distal stem implant or to require the removal of the distal 
stem implant. For example, according to one aspect of 
the present invention, the trial includes a distal stem trial 
and a proximal body trial. The proximal body trial can 
be used with both the distal stem trial and the distal stem 
implant, and trialing of the proximal portion can be ac- 
complished with the distal stem implant in situ. Thus, the 
present invention provides for mixing of components 
which are trial components of the present invention and 
implant components. 

[0025] The technical advantages of the present inven- 



tion further include the ability of the trial of the present 
invention to provide absolute and relative rotational 
alignment of all components including the proximal 
body, distal stem, neck and the sleeve. Rotational align- 

5 ment can be based on the position of the stem in the 
intramedullary canal of the long bone. 
[0026] The technical advantages of the present inven- 
tion further include the ability to translate the rotational 
position of the distal stem as far proximal as possible. 

io For example, according to one aspect of the present in- 
vention, the proximal body trial is keyed to the distal 
stem. Thus, the present invention permits the position 
of the proximal body of the trial to be a substitute for the 
relative position of the distal stem trial or implant. 

is [0027] The technical advantage of the present inven- 
tion also includes the ability of either the trial sleeve or 
the implant sleeve to have infinite rotation. For example, 
according to one aspect of the present invention, the 
sleeve is fitted with an internal taper over an external 

20 taper on the proximal body of the trial or implant. The 
connection between the proximal body trial and a sleeve 
is a slip fit. The connection between the proximal body 
implant and a sleeve is a taper lock. Thus, the present 
invention provides for the proximal body trial to have an 

25 absolute angular measurement of this sleeve for accu- 
rate alignment of the stem in the intramedullary canal 
and to the neck axis. 

[0028] The technical advantage of the present inven- 
tion further includes the ability to align the implant or that 

30 either on the back table or in situ in the patient. For ex- 
ample, according to one aspect of the present invention, 
the surgical technique provides for an instrument to be 
used with the implant and the trial such that the proper 
orientation of the implant can be determined based upon 

35 the discovered and fine-tuned position of the trial found 
in situ on the patient or through CT scans, radiographs, 
or other imaging techniques. Thus, the present inven- 
tion provides for a surgical technique that allows rota- 
tional alignment to be mapped from instruments to im- 

40 plants either on the back table or in the bone. 

[0029] Another technical advantage of the present in- 
vention is that the angular position can be dialled or de- 
termined by use of a cervix coupling or teeth which may 
be rotated with a click type feel every, for example, 10°. 

45 For example, according to one aspect of the present in- 
vention, the trial includes mating gears which form a cer- 
vix coupling between the proximal body trial and the 
neck trial to assist in determining the relative position of 
the neck to the distal stem. Thus, the present invention 

50 provides simple anteversion adjustment without the 
need to view any marks on the prosthesis. 
[0030] The technical advantages of the present inven- 
tion further includes the additional safety of a combina- 
tion of a threaded engagement and a tapered fit for the 

55 implants. For example, according to one aspect of the 
present invention, the trials of the present invention, pro- 
vide for a slip fit between the distal stem and the proxi- 
mal body trial and a nut contained within the neck trial 
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which may be engaged with an external thread on the 
proximal end of the distal stem. Thus, the present inven- 
tion provides for two well proven forms of connections 
to provide for a secure connection of the proximal body 
and neck to the distal stem. 5 
[0031] A further technical advantage of the present in- 
vention includes a quick connect option to improve the 
ergonomics and provide immediate feedback on leg 
length prior to trial reduction. For example, according to 
one aspect of the present invention, the proximal body 10 
includes a spring type clip to hold the proximal body in 
position against the distal stem without any nuts or 
locked tapered engagement. Thus, the present inven- 
tion provides for a quick connect option to improve er- 
gonomics and provide immediate feedback on leg '5 
length prior to trial reduction. 

[0032] A further technical advantage of the present in- 
vention is the ability of the trials of the present invention 
to be compatible with monolithic stems as well as with 
modular stems. Thus, for example according to one as- 20 
pect of the present invention, the trials may be sized to 
match with existing monolithic implants as well as with 
modular prosthesis. The use of the trials that work with 
modular as well as with monolithic implants minimizes 
complexity of the instrumentation, duplication, and re- 25 
duces the quantity of inventory required. For example, 
according to one aspect of the present invention, the im- 
plant of the present invention may work for both mono- 
lithic and modular prosthesis. Thus, the present inven- 
tion provides for a trial that works with both monolithic 30 
and modular stem implants. 

[0033] Embodiments of the invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings, in which: 

35 

FIG. 1 is a plan view of a modular trial in accordance 
with an embodiment of the present invention; 
FIG. 2 is a partial plan view of the modular trial of 
FIG. 1; 

FIG. 3 is an exploded cross-sectional view of the *o 
modular trial of FIG. 1; 

FIG. 4 is a partial exploded cross-sectional view of 
the modular trial of FIG. 1; 
FIG. 4A is a partial exploded cross-sectional view 
of the modular trial of FIG. 1 showing the index 45 
mechanism in greater detail; 
FIG. 5 is a partial perspective view of proximal por- 
tion of the modular trial of FIG. 1 ; 
FIG. 6 is a partial cross-sectional plan view of the 
modular trial of FIG. 1 ; 50 
FIG. 7 is a partial plan view of the modular trial of 
FIG. 1; 

FIG. 8 is a partial cross-sectional view of the mod- 
ular trial of FIG. 1; 

FIG. 9 is a partial cross-sectional view of the mod- 55 
ular trial of FIG. 1; 

FIG. 10 is a side view of the modular trial of FIG. 9; 
FIG. 11 is a top view of the modular trial of FIG. 1; 



FIG. 12 is a plan view of a first embodiment of a 
modular hip stem for use in the medullary canal of 
a femur which may be used with the trial of the 
present invention to practice the surgical method of 
the present invention; 

FIG. 1 3 is an exploded view of the hip stem of FIG. 
12; 

FIG. 14 is a partial perspective view of the modular 
hip stem of FIG. 12 showing the keying slot; 
FIG. 15 is a partial top view of the stem of FIG. 12 
showing the keying slot; 

FIG. 16 is a perspective view of a femur, from the 

proximal end of the femur, illustrating a plane 

through the bow of the femur; 

FIG. 1 6A is a cross-section of the femur of FIG. 16; 

FIG. 17 is a top view of the stem of FIG. 12; 

FIG. 18 is a plan view partially in cross-section of 

the modular hip stem of FIG. 20 showing the distal 

stem portion in greater detail; 

FIG. 19 is a side view partially in cross-section of 

the modular hip stem of FIG. 20; 

FIG. 20 is a plan view of another embodiment of a 

modular hip stem which may be used with the trial 

of the present invention to practice the surgical 

method of the present invention; 

FIG. 21 is an exploded view of the hip stem of FIG. 

20; 

FIG. 22 is a perspective view of the modular hip 
stem of FIG. 20 showing the implant in a femur; 
FIG. 23 is another perspective view of the modular 
hip stem of FIG. 20 showing the stem in a femur; 
FIG. 24 is a perspective view of an alignment tool 
that may be used to register the alignment of the 
modular trial of FIG. 1 or the hip stems of FIGS. 12 
and 20 shown in position on the modular trial for 
registering the alignment the modular trial of FIG. 1 ; 
FIG. 25 is a side view of the alignment tool of FIG. 
24; 

FIG. 26 is a cross-sectional view of FIG. 25 along 
the line 26-26 in the direction of the arrows; 
FIG. 27 is a perspective view of the alignment tool 
of FIG. 24 in position on the trial of FIG. 1 ; 
FIG. 28 is a partial perspective view of FIG. 25 
showing the keyed timing of the distal stem of the 
trial and/or distal stem implant with the alignment 
tool; 

FIG. 29 is a partial perspective view of FIG. 27; 
FIG. 30 is a top view of FIG. 27; 
FIG. 31 is a perspective view of the alignment tool 
of FIG. 24 in position on the implant of FIG. 20; 
FIG. 32 is a perspective view of an alternate em- 
bodiment of an alignment tool that may be used to 
register the alignment of the modular trial of FIG. 1 
or the hip stems of FIGS. 12 and 20 shown in posi- 
tion on the modular trial for registering the alignment 
the modular trial of FIG. 1; 
FIG. 33 is a partial perspective view of FIG. 32 
showing the keyed timing of the distal stem of the 
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trial with the alignment tool; 
FIG. 34 is a perspective view of the distal stem of 
the modular hip stem of FIG. 20 in a femur with a 
neck and proximal body trial of FIG. 1; 
FIG. 35 is a plan and perspective view of a kit for 5 
use in arthroplasty according to the present inven- 
tion; and 

FIG. 36 is a process flow chart for a method of per- 
forming joint arthroplasty surgery according to an 
embodiment of the present invention. 10 

[0034] Referring to the drawings, FIG. 1 shows a trial 
100 for use in arthroplasty. Often orthopaedic surgeons 
utilize trials such as the trial 100 to place a substitute 
prosthetic item in the patient's body that can be removed *5 
after the trialing or prior to the final selection of the pros- 
thesis. Once the dimensions of the trial are verified 
through reduction or movements of the patient's leg 
through the typical motion that a patient will require, the 
trial is removed and is sterilized for later use in other 20 
surgeries. Conversely, a prosthetic implant, once ex- 
posed to a patient, is not utilized again. Therefore, it is 
important the shape, position and location of the appro- 
priate trial be exactly duplicated by the actual implant. 
The trial 1 00 is utilized for performing joint arthroplasty. 25 
The trial 1 00 is adapted to be fitted to a cavity 1 03 in the 
canal 105 of a long bone 107. The trial 100 is utilized to 
assist in performing a trial reduction for joint arthro- 
plasty. The trial 100 includes a stem portion 102 and a 
proximal body portion 1 1 4 fixedly connected to the stem 30 
portion 102 in a plurality of selectable positions with re- 
spect to the stem portion 102. 

[0035] The stem portion 1 02 may define a longitudinal 
axis 104 of the stem portion 102. The neck portion 106 
defines an opening 109 therein. The opening 109 de- 35 
fines a longitudinal axis 1 1 1 of the neck portion 1 06 and 
the proximal body portion 114. The longitudinal axis 111 
of the opening 1 09 is preferably coincident with the lon- 
gitudinal axis 1 04 of the stem portion 1 02. The neck por- 
tion 1 06 is rotatably connected to the proximal body 114 40 
about the longitudinal axis 104 of the stem portion 102. 
[0036] The distal stem assembly 102 may include a 
proximal stem portion 108, which is connected to a 
curved distal stem portion 110. The proximal stem por- 
tion 108 and the curved distal stem portion 110 may be 45 
integral or, as shown in FIG. 1, the curved distal stem 
portion 110 may include a protrusion 112 which mates 
with a cavity 113 in the proximal stem portion 108. A pin 
116 may be used to connect the proximal stem portion 
108 to the curved distal stem portion 110. 50 
[0037] Referring now to FIGS. 2 through 10, prefera- 
bly the neck trial 106 is connected to the distal stem as- 
sembly 1 02 in such a way that the angular position along 
centerline 1 04 between the neck trial and the distal stem 
may be adjusted. For example, as shown in FIGS. 2 55 
through 10, the proximal body trial 164 may include an 
index mechanism 120 that permits a fixed degree of ro- 
tational adjustment between the neck trial 106 and the 



distal stem assembly 102. Referring to FIGS. 4 through 
8, the index mechanism 120 may include first gear or 
spline 1 22. The index mechanism 1 20 may also include 
a second spline or gear 124 which meshes in and out 
selectively of engaging with the first gear 122. The sec- 
ond spline or gear 124 may, as shown in FIG. 4, be in- 
tegral with the neck trial 106. It should be appreciated 
that optionally the second gear 124 may be a separable 
component fixably secured to the proximal body 106. 
The gears 122 and 124 each have a plurality of teeth 
136. Each tooth is substantially the same as all other 
teeth 136. The teeth 136 of each of the gears 122 and 
124 are virtually the same. The teeth 136 are spaced 
equally radially around the centerline 104 of the stem. 
When the teeth 136 of, for example, the first gear 122 
are rotated one tooth respect to the second gear 124, 
the first gear 122 is rotated by relationship which com- 
prises: 1 divided by the number of teeth on a gear, times 
360°. 

[0038] Thus, for a first gear 122 and a second gear 
124, each having 36 teeth, the single index of the first 
gear 124 provides for a 10° relative motion of the first 
gear 1 22 with respect to the second gear 1 24. As shown 
in FIG. 4, when the first gear 122 is moved in the direc- 
tion of arrows 133 toward the second gear 124, the 
gears 122 and 124 may be locked into engagement. 
Similarly, when the first gear 122 and the second gear 
124 are moved away from each other in the opposite 
direction of arrows 133, the neck trial 106 is permitted 
to rotate with respect to the stem 102. Thus, the index 
mechanism 120 may provide for 36 different relative po- 
sitions to the neck trial 1 06 with respect to the distal stem 
assembly 102 when the gears 1 22 and 1 24 each contain 
36 teeth. 

[0039] Any of a variety of mechanisms may be used 
to engage and disengage the gears or splines 122 and 
124 with each other. Preferably, and as shown in FIGS. 
4 and 4(a), the gears or splines 122 and 124 are selec- 
tively engaged and disengaged by means of a spring 
150 which is used to gently urge the first gear 122 into 
engagement with the second gear 124. When the stem 
102 is placed in position in the neck trial 106, the stem 
1 02 includes a circular rib 1 52 which when the stem 1 02 
is fully engaged into the neck trial sandwiches the spring 
1 50, the first gear 1 22 and the second gear 1 24, and the 
proximal body trial 114 between the rib 152 and an an- 
nular shoulder 153 on the stem 102 which mates with 
nut 158. 

[0040] Preferably, the location of the rib 152 and the 
shape and size of the spring 1 50 are designed such that 
the spring 1 50 is sufficient to gently engage the first gear 
122 in mesh with the second gear 124. The spring 152, 
however, is weak enough to permit the gentle indexing 
of the neck trial 106 relative to the stem 102 to provide 
easy adjustment of the anteversion angle. Once the 
proper anteversion angle has been determined, the 
neck trial 106 needs to be firmly and securely engaged 
with the stem 102. 
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[0041] Preferably, and as shown in FIG. 4, the proxi- 
mal end of the stem 102 includes external threads 162 
that engage with connector nut 126. Referring to FIGS. 
4 and 5, the trial 100 may include the proximal body trial 
114, which is comprised of a sleeve 1 64 that slidably fits 
over the stem 102. The proximal end of the sleeve 164 
includes internal threads 166 that mate with external 
threads 176 on the keyed component 156. As shown in 
FIG. 5, the keyed component 156 has a central opening 
168 with opposed flats 170. Similarly, the keyed compo- 
nent 1 56 has a second timing feature (not shown) that 
cooperates with a location feature (not shown) on the 
spline member. The location features on the keyed com- 
ponent 156 and the first gear 122 cooperate to permit 
the first gear 122 to move axially in the direction of cen- 
terline 104 but prevent rotation of the first gear 1 22 with 
respect to the keyed component 156. A ring 174 is slid- 
ably fitted over the outer diameter 1 77 of the keyed com- 
ponent 156. The ring 174 is permitted to freely rotate 
with respect to the spline member 1 72 and the keyed 
component 156. The keyed component 156 is assem- 
bled by threadably engaging into the sleeve 1 64 causing 
the spline member 1 72 and ring 1 74 to be trapped there 
between. 

[0042] Although the keyed member 156, spline mem- 
ber 172, ring 174 and sleeve 164 can be supplied to the 
surgeon as individual components, they can also be pre- 
assembled before being supplied to the surgeon, there- 
by saving the surgeon the time of assembling these 
components in the operating room. The assembly of the 
keyed member 156, spline member 172, ring 174 and 
sleeve 164 is designated the proximal body portion 114 
in the drawings and in this description. 
[0043] When the proximal body trial assembly 114 in- 
cluding the sleeve 164, the ring 174, the spline 172 and 
the keyed component 156 are sandwiched between the 
stem 102 and the neck trial 106, the connector 126 is 
then threadably engaged into the external threads 162 
of the stem 102. Until the connector nut 126 is fully 
torqued onto the stem 102, the ring 174 is free to rotate 
about centerline 104. Until the connector nut 126 is se- 
curely torqued against the stem 102, the neck trial 106 
may be freely rotated with only the resistance of the 
spring 150 in the direction of arrows 178 to permit the 
adjustment for anteversion for the trial 100. To assist in 
permitting and torquing of the connector nut 126, the 
connector nut 126 may optionally have external splines 
or knurls 1 80. Referring to FIG. 6, the connector nut 1 26 
may be permanently secured to the proximal body 106 
by means of a pin 182 in the neck trial 106. When the 
pin 182 traps the connector nut 1 26 within the neck trial 
recess 184, the pin 182 limits motion of the connector 
nut 126 to within that of the connector nut groove 186. 
[0044] Optionally, as shown in FIG. 5, the trial 100 
may include an outer trial sleeve 1 30 that is used to rep- 
licate a prosthetic sleeve once the proximal body trial is 
loaded onto the distal stem. This sleeve 1 30 may be se- 
cured to this distal stem assembly by inner sleeve 164 



which forms a slip fit with the tapered bore 136 of the 
outer sleeve 130. 

[0045] Referring now to FIG. 10, the curved distal 
stem portion 110 is shown with the curved distal stem 
5 110 showing the full extent of the curve. The curved dis- 
tal stem portion 110 may be defined, by example, a ra- 
dius RR extending from an origin 00. The radius RR may 
be, for example, 10.1 to 10.3 mm (4 to 8 inch), and may 
vary depending on the curvature of the patient's femoral 

10 intramedullary canal. 

[0046] Referring now to FIG. 2, the neck trial portion 
106 of the trial 100 may include a neck 140 to which a 
ball or head 1 33 may be used to fit against an acetabular 
cup (not shown) on the acetabulum of the patient. 

15 [0047] Referring now to FIGS. 1 and 11 , the trial 100 
preferably includes locating features to determine the 
relative angular position acta between the neck center- 
line 142 and the stem centerline 144. For example, the 
neck trial 106 may include a body locating feature 146 

20 while the distal stem assembly 102 may include a stem 
locating feature 148. The neck trial's locating feature 
146 may be in the form of, for example, opposed cylin- 
drical holes. The stem locating feature 148 may be, for 
example, in the form of a key way or oval-shaped slot 

25 in the proximal end of the distal stem assembly 102. 
[0048] Preferably, so that the trial may be used with a 
variety of hip stems, the holes 146 should be used as a 
standard for those prostheses to which the trial is asso- 
ciated. Similarly, the slot 148 of the trial 1 00 should pref- 

30 erably be replicated in any prosthesis to which the trial 
of the present invention is to be used as a system. Pref- 
erably, in order that the position of the outer sleeve 1 30 
may be replicated or measured during the trialing of a 
hip stem prosthesis utilizing the trial 100, the trial 100 

35 includes pins 190 located in opposed directions on ring 
174. The pins 190 are radially fitted to opposed slots 
1 92 located on the outer sleeve 1 30. As the outer sleeve 
130 is positioned in the proper location to properly an- 
chor the trial 1 00, the angular position of the outer sleeve 

40 1 30 can be locked and its position recorded by the tight- 
ening of the connector nut 126. When the connector nut 
1 26 is secured against the stem 1 02, the spline member 
1 72 and sleeve 1 64 place an axial load against the faces 
194 of the ring 174, locking it into a fixed angular posi- 

45 tion, thus locking the construct comprised of the neck 
trial 106, stem trial 102 and outer sleeve trial 130. The 
outer sleeve 130 is thereby locked into an angular po- 
sition that may be duplicated later on an implant. 
[0049] Referring now to FIGS. 12 through 19, an al- 
so ternative modular hip implant embodiment is shown 
which may be used in conjunction with the trial 100 of 
the present invention to accomplish a method of trialing 
according to the present invention. The hip stem 10 is 
suitable for use with the illustrated trial 100 or with other 

55 embodiments of such a trial. The hip stem 10 may be 
made of any suitable durable material that is compatible 
with the human body. For example, the hip stem 10 may 
be made of a titanium alloy, a cobalt chromium alloy, or 
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a stainless steel. As shown in FIGS. 12 through 19, the 
hip stem 1 0 includes a proximal body 1 2 and bowed dis- 
tal stem 14. 

[0050] Referring now to FIG. 18, the proximal body 
implant 12 may be secured to the distal stem 14 in any 
suitable fashion. For example, and as shown in FIG. 18, 
the proximal body 12 may be secured to the distal stem 
14 by means of threads 15 located on the proximal por- 
tion of the proximal body 12, which are threadably en- 
gaged to a nut 16. In addition and as shown in FIG. 18, 
the distal stem 14 may include an external tapered por- 
tion 18 which mates with an internal tapered portion 20 
of the proximal body 1 2. The taper of the internal tapered 
portion 20 and the external tapered portion 18 may be 
defined by an angle 0. Preferably, the taper is self-lock- 
ing and has an angle <J> of, for example, approximately 
18° or less. 

[0051] Referring now to FIG. 1 3, the proximal body 1 2 
and the distal stem 14 may either or both be rotatable 
around longitudinal centerline 22. For example, the 
proximal body 22 may be rotatable in the direction of 
arrows 24 and the distal body may be rotated in the di- 
rection of arrows 26. 

[0052] Referring now to FIGS. 1 6 and 1 6A, a patient's 
femur is shown at 27. The natural femur 27 has an an- 
atomical anteversion. As shown in FIG. 16, the normal 
femur is bowed anteriorly In the present invention, the 
anatomical anteversion angle a is defined by a plane, 
shown at 29 in FIGS. 16 and 16A, through the anterior 
bow 31 of the femur, and a line through the centre of the 
femoral neck, shown at 33 in FIGS. 16 and 16A. The 
plane 29 corresponds with the position of the intramed- 
ullary canal. Since the stem of the prosthesis will be re- 
ceived in the intramedullary canal, in the present inven- 
tion, the anatomical anteversion of the femur can pro- 
vide the basis for setting the prosthesis anteversion. In 
the following description and in the drawings, the refer- 
ence a is used for the anatomical anteversion angle as 
defined above; the reference aa is used for the pros- 
thetic or assembly anteversion angle. The prosthetic or 
assembly anteversion angle is defined by a plane 
through the bowed stem of the prosthesis and a line 
through the neck of the proximal part of the prosthesis. 
In at least one aspect of the present invention, a trial 
anteversion angle acta between a plane through the 
stem and the neck of the trial can be based on data gath- 
ered preoperative^ and can be adjusted by the surgeon 
intraoperative^ to adjust the trial; the surgeon can use 
this data to assemble the modular prosthetic implant. 
Such a trial anteversion angle is illustrated in FIG. 11. 
Thus, through use of the present invention, the surgeon 
should be able to assemble a prosthesis such that the 
prosthetic or assembly anteversion angle aa approxi- 
mates the anatomical anteversion angle a. However, it 
should be understood that other landmarks could be 
used to determine the anatomic anteversion angle, and 
unless expressly called for in the claims, the present in- 
vention is not limited to any particular reference for the 



14 

anatomic anteversion angle. For example, the anatomic 
anteversion angle could be determined from the position 
of the patient's foot with respect to the patient's shoulder 
line. It should also be understood that the principles of 

5 the present invention could also be applied to other 
prosthetic joints, such as shoulders, and the reference 
for the anatomic anteversion angle will depend on ana- 
tomic features of the bones comprising that joint. In ad- 
dition, because of factors such as placement of the 

10 acetabular component of the prosthetic implant, the sur- 
geon may determine that the optimum prosthetic an- 
teversion angle aa should vary somewhat from the an- 
atomic anteversion angle a. With the present invention, 
the surgeon can make such adjustments intraoperative- 

15 |y. 

[0053] Referring now to FIG. 17, the angular position 
between the neck 32 of the proximal body and the distal 
curved portion 34 of the curved distal stem 14 form the 
prosthetic anteversion angle aa. The anteversion angle 
20 aa affects the patient's ability to function and the pa- 
tient's gait. 

[0054] As shown in FIG. 13, the hip stem 10 includes 
a proximal body location feature in the form of holes 36. 
It should be appreciated that the holes 36 should be de- 

25 signed of the same shape and location as the holes 1 46 
of the trial 1 00. Similarly, the distal stem includes a distal 
stem location feature in the form of, for example, a slot 
38. It should be appreciated that the slot 38 should be 
made compatible and have the same size and shape as 

30 the slot 148 of the trial 1 00. The proximal body location 
feature 36 and the distal stem location 38 may have any 
suitable shape and may be in the form of, for example, 
slots, indents, triangles, squares, polygons or any index- 
able feature. 

35 [0055] Referring to FIGS. 14 and 15, the slot 38 is 
shown in greater detail. As shown in FIG. 1 5, the slot 38 
may include two arcuate portions 39 defined by radius 
R extending from centre points 40. The centre points 40 
may be spaced from each other a distance, for example, 

40 A. The slot may have a depth T of, for example, 0.25 to 
1 .78 mm (0.1 to 0.7 inch). Referring now to FIG. 19, the 
distal stem 14 is shown in location where the arcuate 
the shape of the distal stem is most pronounced. The 
curvature of the distal stem 14 may be defined by a ra- 

45 dius R extending from a distal stem centre point 42. The 
distal arcuate stem 14 is fitted into arcuate portion 44 of 
the medullary canal 46 of the femur 48. The distal stem 
14 may further include a slot 50 to assist in the position- 
ing of the arcuate femur 48 into the arcuate medullary 

so canal 46 of the femur 48. 

[0056] Referring now to FIGS. 20 through 23, another 
embodiment of the hip stem for use in a hip prosthesis 
that may utilize the trial and surgical procedure of the 
present invention is shown. Hip stem assembly 50 in- 

55 eludes stem 54. The stem 54 includes a proximal body 
52 and a distal stem 54. Like the stem 10 of FIG. 12, the 
proximal body 52 of the stem 54 may be secured to the 
distal stem 54 through an internal taper 62 in the proxi- 
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mal body 52, which is mateable with the externa! taper 
60 on the distal stem 54. It should be appreciated that 
the tapers 60 and 62 are preferably self-locking as in the 
stem 10. A ball or head 58 that mates with a cup (not 
shown) secured to an acetabulum (not shown) may be 
located on the proximal body. The distal stem 54 and 
the proximal body 52 may further be secured to each 
other by means of, for example, a nut 56 that is thread- 
ably engaged to a threaded portion 59 of the distal stem 
54. Similar to the stem 10 of FIGS. 12 through 19, the 
stem 54 includes a first location feature 66 associated 
with the distal stem 54 and a second alignment feature 

53 associated with the proximal body 52. 

[0057] The first alignment feature may be in the form 
of a recess 66 with a feature that can transmit torque. 
For example, the first alignment feature 66 may be in 
the form of a triangular opening, a rectangular opening, 
a cross head screw slot, a screw slot, or as shown in 
FIG. 22, in the form of a oval slot. The slot 66 of the stem 

54 may be made to similar dimensions to that of slot 38 
of the hip stem 10. 

[0058] The hip stem 54 may include, in addition to the 
components already mentioned, a sleeve 72 that may 
mate with the proximal body 52. The sleeve 72 may in- 
clude a bore with an internal taper 74 which mates with 
the externa! taper 76 on the proximal body 52. The 
sleeve 72 serves to provides additional support for the 
prosthesis 51 in the metaphyseal region and provides 
increased stability for the prosthetic stem 54 when the 
stem receives torsional loads. 

[0059] The second alignment feature 53 may be in the 
form of a pair of post holes that are similar to the holes 
36 of the hip prosthesis 10. 

[0060] Referring now FIGS. 22 and 23, the hip stem 
assembly or construct 51 is shown in position in the long 
bone or femur 48. The proximal body 52 is shown in po- 
sition with the neck 80 and the bowed portion 82 of the 
distal stem 54 being out of angular alignment. The angle 
between the neck 80 and the arcuate portion 82 is de- 
fined by prosthetic anteversion angle aa. It should be 
appreciated that in FIGS. 20 and 21 , the distal stem 54 
is out of angular position with respect to neck. 
[0061] Referring now to FIG. 24, an instrument 200 is 
shown for use with the trial 100 of the present invention 
as well as with the stem 10 and the hip stem 51 to per- 
form the surgical procedure of the present invention. 
The instrument 200 may be utilized with either implants 
or trials. For example, the instrument 200 may be uti- 
lized with the trial 100 of FIGS. 1 through 11, or with the 
hip stem 10 of FIGS. 12 through 19. Likewise, the in- 
strument 200 may be used with the hip stem 51 of FIGS. 
20 through 23. 

[0062] The instrument 200 is used in conjunction with 
the relative angular orientation of a first component of a 
multi-piece prosthesis to a second component of a mul- 
tiple piece prosthesis. The instrument 200 may be uti- 
lized to observe the relative angular orientation of the 
components and to replicate the angular orientation of 



the first component relative to the second component. 
While the instrument 200 may be adapted for any of a 
large number of designs of prosthetic components and 
prosthetic trial components, including the hip stem 10, 
5 the hip stem 51 and the trial 1 00, the instrument 200 will 
for simplicity now be described for use with the hip stem 
51 of FIGS. 20 through 23. 

[0063] Continuing to refer to FIG. 1, the instrument 
200 is utilized for at least one of observing or replicating 

io the relative angular orientation of a first component, for 
example, proximal body 52 of the prosthesis with re- 
spect to a second component, for example, hip stem 54 
of the prosthesis for use in joint arthroplasty. 
[0064] The instrument 200 includes a first member 

*5 202 for cooperation with the first component 52. The 
second member 202 may have any suitable size and 
shape capable for cooperation with the first component 
52. As shown in FIG. 24, the first member 202 may in- 
clude a first member keyed feature 204. The first mem- 

20 ber keyed feature 204 cooperates with a first component 
keyed feature, for example, slot 66 of the first compo- 
nent 54. The keyed features 204 and 66 are used to an- 
gularly link the first member 202 with the first component 
54. 

25 [0065] The keyed features 204 and 66 may have any 
suitable size and shape such that the first member 202 
and the first component 54 are in timed engagement to 
provide a rotational linkage of the first member 202 to 
the second component 54 about longitudinal centerline 

30 206 of the instrument 200. The first keyed feature 204 
may be in the form, for example, of a recess or, as shown 
in FIG. 1, in the form of a protrusion. For cooperating 
with, for example, the slot of the hip stem 50, the keyed 
feature 204 may be in the form of an oval protrusion. It 

35 should be appreciated that the keyed feature 204 may 
be a recess or a protrusion or may be square, triangular, 
rectangular, a polygon, or any shape capable of trans- 
mitting torque. 

[0066] The instrument 200 further includes a second 

40 member 210 for cooperation with the first component 
52. The second member 210 may be in cooperation with 
the second component 52 in any suitable manner. For 
example, the second member 210 may include a sec- 
ond member keyed feature 212, which cooperates with, 

45 for example, the second component keyed feature in the 
form of holes 53. The second member keyed feature 
212 may have any suitable form and may, for example, 
be in the form of a pin 212, a flap 214, an arm 216, or 
in the form of a yoke (not shown). 

50 [0067] For the instrument 200 to cooperate with the 
holes 53 in the hip prosthesis 50, the instrument 200 
includes the pin 212 extending inwardly from the arm 
216. To enhance the stability of the instrument 200, the 
instrument 200 may further include a stabilizing member 

55 218 similar to the second member 210, but being a mir- 
ror image of the second member to attach to the oppo- 
site side of the second component. The stabilizing mem- 
ber 218 also includes the arm 216, pin 212 and the flap 
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214. 

[0068] Continuing to refer to FIG. 24 , the instrument 
200 further includes a feature 220 for cooperation with 
the first member 202 and the second member 210 for 
at least one of replicating or observing the relative an- 
gular orientation of the first component with respect to 
the second component 52. The feature 220 may be in 
the form, for example, a body. At least one of the first 
member 202 and the second member 210 are movably 
connected to the body 220. The body 220 serves the 
purpose of operably interconnecting the first member 
202 to the second member 21 0. With the use of the body 
200, the first member 202 may be positioned appropri- 
ate relative to the second member 210 to replicate or 
observe the relative angular orientation of the first com- 
ponent 54 with respect to the second component 52. 
[0069] For example, and as shown in FIG. 24, the 
body 220 may include a longitudinal opening 222 into 
which an orientation rod 224 is slidably movable along 
longitudinal axis 206. The first member keyed feature 
204 may be located on an end of the orientation rod 224. 
The orientation rod 224 may include a gripping feature 
223 in the form of, for example, flaps or splines for as- 
sisting in attempting to move the orientation rod 224 
along the axis defined by the longitudinal centerline 206 
and to rotate the orientation rod 224 in the direction of 
arrows 226. 

[0070] As shown in FIG. 24, the orientation rod 224 
and the keyed feature 204 may be angularly oriented 
with respect to the body 220 electively permitting and 
preventing the orientation rod 224 from rotating in the 
direction of arrows 226. Such selective rotation of the 
orientation rod 224 may be accomplished by any meth- 
od. 

[0071] For example, the body 220 may include a lock- 
ing arm 228 connected to a cam 230 by shaft 232 mount- 
ed to the body 220. The cam 230 may utilized to selec- 
tively lock the orientation rod 224 in a fixed position with 
respect to the body 220 or, as shown in FIG. 24, may 
merely prevent the orientation rod from rotating in the 
direction of arrows 226. 

[0072] In order that the locking arms 228 may be uti- 
lized to prohibit rotation in the direction of arrow 226 
while permitting the movement of the orientation rod 224 
along the axis of the longitudinal centerline 226, the 
body 220 may further include a bushing or sleeve 234. 
The sleeve 234 is rotatably fitted to the opening 222 in 
the body 220. The cam 230 selectively engages the 
sleeve 234 to prevent and permit relative motion of the 
sleeve 234 with respect to the body 220. The sleeve 234 
may be operatively connected to the orientation rod 224 
such that the orientation rod 224 may move along the 
longitudinal axis 206 but prohibit it from relative motion 
with respect to the sleeve 234 rotationally in the direction 
of arrow 226. 

[0073] One method, as shown in FIG. 1 , of preventing 
rotation of the orientation rod 224 with respect to the 
sleeve 234 is by providing, for example, a longitudinal 



groove in the orientation rod 224 that cooperates with a 
protrusion 240 extending inwardly from the sleeve 234. 
To keep the keyed feature 204 of the orientation rod 224 
in full engagement with the slot 66 of the hip prosthesis 

5 50, the instrument 200 may include a spring 242 posi- 
tioned between the orientation rod 224 and the body 220 
towards the orientation rod 224 and the keyed feature 
204 downwardly in the direction of arrow 244. 
[0074] As shown in FIG. 24, the second member 210 

10 is rotatably fixedly secured to the body 220 about the 
longitudinal axis 206. To assure that the pin 212 is fully 
engaged in hole 53 of the prosthesis 50, the arm 216 
may, as shown in FIG. 24, pivot about pin 246 secured 
at hole 248 of the body 220. Similarly, the stabilizing 

15 member 218 engages the other hole 53 of first compo- 
nent 54 at pin 212 and is pivotally positioned with re- 
spect to the body 220 at pin 246 secured to hole 248 in 
the body 220. The second member 210 and the stabi- 
lizing member 218 are preferably urged in the direction 

20 of arrows 250 toward the second component 52 by 
means of springs 252 positioned between the arms 216 
and the body 220. 

[0075] To measure the relative position of the first 
member 202 with respect to the second member 220 

25 and correspondingly, the relative angular position of the 
first component 54 to the second component 52, the in- 
strument 200 may include indicia 254 located on the in- 
strument 200 providing measuring scale for the relative 
position of the first member 202 with respect to the sec- 

30 ond member 210. 

[0076] The indicia 254 may have any suitable size and 
shape capable of providing the measurement capability 
for the instrument 200. The indicia 254 may, for exam- 
ple, include a single indicia in the form of a mark 256 

35 extending along the axis defined by the orientation rod 
224. The indicia 254 may further include a plurality of 
indicia in the form of body indicia 260 located on the 
sleeve 234 of the body 220. Numbers 262 may be lo- 
cated adjacent their respective body indicia 260. The 

^0 numbers 262 may correlate to, for example, a particular 
degree of anteversion. 

[0077] Referring now to FIGS. 27 through 30, the trial 
100 of the present invention is shown with the instru- 
ment 200 in position on the trial 100. The instrument 200 

45 is secured in position on the trial 100. The pins 212 on 
the arm 216 are engaged in the holes 146 of the proxi- 
mal body 106 of the trial 100. Similarly, the key 204 of 
the orientation rod 224 of the instrument 200 is engaged 
in slot 1 46 of the stem assembly 1 02 of the trial 1 00. By 

50 loosening the nut 126 from the stem assembly 102, the 
proximal body 106 may rotate in the direction of arrows 
226 with respect to the distal stem assembly 102. Stem 
centre plane 144 and the neck centre plane 142 define 
an included P of the trial 100. 

55 [0078] By radiograph, CT scan or other imaging tech- 
niques, a patient's anatomic anteversion angle a may 
be determined. In typical cases, this anatomic antever- 
sion angle a will be the optimum prosthetic anteversion 
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act. The trial 100 may be set by the instrument 200 so 
that the trial anteversion angle aaa equals the optimum 
anteversion angle of, for example, 90°. Once the opti- 
mum trial anteversion angle aaa has been determined 
and set, the nut 126 may be tightened onto the distal 5 
stem assembly causing the index mechanism 1 20 to se- 
curely lock. Once securely locked, the index mechanism 
may prevent the rotation of the neck 140 with respect to 
the distal stem assembly 102. 

[0079J It should be appreciated that the indicia 254 on 10 
the instrument 200 may be utilized either to save prede- 
termined anteversion angle determined by radiograph, 
CT scan, or other imaging technique, or by a common 
preset anteversion angle. It should be appreciated by 
utilizing the instrument 200 and the trial 100, the proxi- *5 
mal body 106 may be rotated with respect to the distal 
stem 102 an increment based on the index mechanism 
120 of perhaps 10° or less. 

[0080] For example, the trial 1 00 may be preset utiliz- 
ing instrument 200 to a particular first trial anteversion 20 
angle aaa. The trial 100 may then be inserted into a 
patient and a trial reduction performed. If the trial reduc- 
tion indicates that the trial anteversion angle aaa should 
be increased or decreased, the nut may be loosened 
enough to permit rotation of the index mechanism 120 25 
and the proper amount of change of anteversion can be 
set by utilizing the indicia 254 and the instrument 200, 
or by merely listening to clicks as the index mechanism 
120 is indexed the appropriate number of teeth, with 
each tooth movement representing, for example, 10°. 30 
[0081] Referring now to FIGS. 29 and 30, once the 
ideal anteversion is determined for the use of the trial in 
the patient, the clinically proven correct anteversion can 
be measured by use of the instrument 200. Once the 
trial 100 is set in the proper position, the instrument 200 35 
may be positioned into the trial 1 00 and the locking arms 
moved from its unlocked position (shown in solid in FIG. 
29) to its locked position (shown in phantom in FIG. 29). 
Once the instrument 200 is locked in a desired setting, 
this desired setting may be repeated on, for example, *o 
an implant by reading the setting on the indicia 254 or 
by maintaining the instrument 200 in its locked position 
and utilizing the instrument to properly preset an implant 
or stem prosthesis. 

[0082] Referring now to FIG. 31 , the instrument 200 45 
is shown in position on prosthetic hip stem 51. It should 
be appreciated that the instrument 200 may be similarly 
used on hip stems 10 of FIGS. 12 through 19. It should 
be appreciated that the trial 100 and the instrument 200 
may also be used be used with monolithic stems. Once 
the proper anteversion is determined by the trial 1 00 and 
the instrument 200, a monolithic stem can be used with 
that determined anteversion. 

[0083] Before the instrument 200 is installed onto the 
hip stem 51 , the proximal body 52 is loosely fitted to the 
distal stem 54 so that the proximal body 52 may rotate 
in the direction of arrows 226 with respect to the distal 
stem 54. In this rotatable assembly condition of the hip 



stem 54, the instrument 200 is engaged with the hip 
stem 54. The proximal body 52 will be rotated in the di- 
rection of arrow 226 (see FIGS. 29 and 31 ) with respect 
to the distal stem 54 so that the key 204 may completely 
seat into the slot 66 of the distal stem 54 and so that the 
pin 212 may fully seat into the holes 53 in the hip prox- 
imal body 52. Once the instrument 200 is fully seated 
into the hip stem 54, the distal end of the distal stem 54 
may be slightly tapped in an upward direction to seat the 
proximal body to hip stem 51 . 

[0084] Since the angle between the axis 83 of the pin 
212 and the neck centerline 85, shown at p in FIG. 31, 
is fixed, and since the position of the axis 83 of the pin 
with respect to the hip stem 54 is set by the locked in- 
strument 200, the implant can be fixed with the proper 
anteversion angle between the neck centerline 85 and 
a plane 87 through the anterior bow of the stem 56. In 
this secured and tapped position, the centerline neck 
centerline forms the prosthetic anteversion angle aa 
with the plane 87. Through the use of the instrument 
200, the prosthetic anteversion angle aa is virtually 
identical to the trial anteversion angle aaa of the trial. 
(See FIG. 11) And since the plane 87 will correspond 
with the plane 29 through the anterior bow of the femur 
(See FIGS. 1 6 and 1 6A) when the prosthetic is implant- 
ed, proper orientation of the prosthetic head and neck 
can be achieved. 

[0085] After the proximal body 52 has been seated 
temporarily into the distal stem 54, instrument 200 may 
be removed. After removal of the instrument 200, the 
proximal body 54 may be securely seated onto the distal 
stem 54 by utilizing tools (now shown) to finalize the as- 
sembly of the stem 51 and proximal body 52. 
[0086] Referring now to FIGS. 32 and 33, an alternate 
orientation device is shown as orientation device 300. 
Orientation device 300 is similar to orientation device 
200 of FIG. 24. The orientation device 300 includes a 
body 320 that defines an opening 322. Within the open- 
ing 322 is a sleeve 334. An orientation rod 324 is slidably 
fitted to the sleeve 334. A locking arm 328 selectively 
locks the sleeve 334 to the body 320. A tang 304 on the 
distal end of the orientation rod 324 may engage a slot 
466 in the proximal end of the distal stem 454 of hip stem 
400. An alignment fork 31 0 is slidably and rotatably fitted 
to the body 320. The alignment fork 310 engages the 
sides 453 of the neck 452 of hip stem 400. When utilizing 
the orientation device 300 the locking arm 328 may be 
positioned in an unlocked position and the tang 304 an- 
gularly adjusted with respect to alignment fork 310 until 
the alignment fork and the tang are properly seated into 
the proximal body 452 and the distal stem 454 of the hip 
stem 400, respectively. 

[0087] Referring again to FIGS. 22 and 23, the orien- 
tation device 300 may include indicia 354 similar to the 
indicia 254 of the orientation device 200 of FIG. 24. The 
indicia 354 may include a single indicia located on 
sleeve 334 which cooperates with body indicia 360 on 
the body 320 to provide for a measurement of the an- 
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teversion of the hip stem 400. 
[0088] Referring now to FIG. 34, another embodiment 
of the present invention is assembly 500. Assembly 500 
is a combination of the neck trial 106 on the implant stem 
54 of FIG. 1 including, for example, the index mecha- 
nism 120 and the inner sleeve 164 with distal stem 54 
of the hip stem 51 of FIG. 20. As shown in FIG. 34, the 
surgeon may place a bowed distal stem 54 into the canal 
46 of the long bone 16 and proximal body trial 164, a 
neck trial 106 may be placed on the distal stem implant 
54. The instrument 200 of FIG. 24 may be placed on the 
assembly 500 to preset the anteversion angle prior to a 
trial reduction or the alignment device 200 utilized after 
a trial reduction has been performed utilizing the assem- 
bly 500 to determine the intraoperatively-found idea! an- 
teversion angle so that it can be replicated with a prox- 
imal body implant. In this procedure, the proximal body 
implant would be placed on the distal stem 54 preferably 
utilizing the alignment tool 200 and once in proper po- 
sition, the proximal body implant could be tapped in po- 
sition. After being tapped into position, the alignment in- 
strument 200 may be removed and a tool (not shown) 
may be used to secure the nut 56 to the distal stem 54 
to secure the hip prosthesis 51 (See FIG. 21). It should 
be appreciated that a distal stem trial may likewise be 
used in conjunction with a proximal body implant. The 
distal stem trials may be smaller than the corresponding 
distal stem implants and thus may be used in conjunc- 
tion with a proximal body implant to perform the trial re- 
duction. 

[0089] Referring now to FIG. 35, a kit 666 according 
to the present invention is shown. The kit 666 is utilized 
to prepare a cavity in the femoral canal of a femur and 
to assist in performing a trial reduction. The kit 666 in- 
cludes a trial 602 for use in performing joint arthroplasty. 
The trial 602 is to be fitted into a cavity in the canal of a 
long bone and to assist in performing a trial reduction in 
performing joint arthroplasty. The kit 666 may further in- 
clude an instrument 522 for use in determining the se- 
lected position of the stem portion of a trial with respect 
to the neck portion of a trial and to determine the select- 
ed position of a stem component to a neck component 
of a prosthetic stem. The instrument 522 includes a first 
member 524 of cooperation with the neck component of 
a implant or a neck portion of a trial. The instrument 522 
further includes second and third members 526 and 204 
for cooperation with a stem portion of a trial and with a 
stem component of an implant. The instrument 522 fur- 
ther includes a body 528 for operatively interconnecting 
the first member 524 with the second member 526. The 
kit 666 may also include components for assembling 
one or more prosthetic components, such as the pros- 
thetic femoral components shown at 61 2 and 620. Each 
of the prosthetic femoral components may include a 
proximal body 614, 624 and a distal stem 616, 624. 
Sleeves 626 could also be included in the kit 666. 
[0090] Referring now to FIG. 36, a method for provid- 
ing joint arthroplasty 700 is shown. The method 700 in- 
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eludes a step 702 of resecting a long bone. The method 
700 further includes a step 704 of preparing a cavity in 
the medullary canal of a long bone. The method further 
includes the step 706 of providing a trial having a stem 

5 portion and neck portion adjustably fixably connected to 
the stem portion in a plurality of selectable positions with 
respect to the stem portion. The stem portion having a 
feature to cooperate with a bony landmark of the patient. 
The method further includes the step 710 of selecting 

10 one of a plurality of selectable positions of the trial. The 
method further includes step 712 of performing a trial 
reduction using the trial. The method further includes the 
step 714 of determining an optimal position of the neck 
portion with respect to the stem portion. The method fur- 

15 ther includes a step 7 1 6 of selecting an implant with the 
optimum position of the neck with respect to the stem 
as determined by the trial reduction. The method further 
includes the step 720 of implanting a selected implant 
into the cavity. 

20 

Claims 

1. A trial for use in performing joint arthroplasty, said 
25 trial to be fitted to a cavity in the canal of a long bone, 

said trial comprising: 

a stem portion; 

a neck portion fixedly connected to said stem 
30 portion in a plurality of selectable positions with 

respect to said stem portion. 

2. The trial of claim 1 wherein said stem portion com- 
prises a distal stem and a proximal body. 

35 

3. The trial of claim 2 wherein said distal stem and 
proximal body are discrete components and said 
stem portion comprises an assembly of said dis- 
crete components. 

40 

4. The trial of claim 2 wherein said proximal body com- 
prises an assembly including a keyed member, 
spline member, ring and sleeve. 

45 5. The trial of claim 1 wherein said stem assembly in- 
cludes a bowed portion. 

6. The trial of claim 1 wherein said stem portion de- 
fines a longitudinal axis thereof; wherein said neck 

50 portion defines on opening therein, the opening de- 
fining a longitudinal axis thereof, the longitudinal ax- 
is of the opening being coincident with the longitu- 
dinal axis of said stem portion; and wherein said 
neck portion is rotatably connected to said stem 

55 portion about the longitudinal axis of said stem por- 
tion. 

7. The trial of claim 1 , further comprising a connector 
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for selectably, fixedly connecting said stem portion 
to said neck portion. 

8. The trial of claim 1 , further including a sleeve posi- 
tioned on the outer periphery of said stem portion. 5 

9. The trial of claim 1 , further comprising a locating 
feature associated with at least one of the stem por- 
tion and the neck portion. 

w 

10. The trial of claim 9 wherein said locating feature is 
associated with said stem portion; and wherein said 
neck portion comprises a second locating feature; 
and 

wherein both locating features are accessible 1 5 
from the proximal end of the trial. 

11. The trial of claim 1 wherein said neck portion is fix- 
edly connected to said stem portion by means of an 
indexing mechanism providing a plurality of discrete 20 
positions. 



said trial to be fitted to a cavity in the canal of 
a long bone and to assist in performing a trial 
reduction in performing joint arthroplasty, said 
trial including a stem portion and a neck portion 
selectively operably connected to said stem 
portion in a plurality of selectable positions with 
respect to said stem portion; and 
an implant set including a plurality of proximal 
bodies and distal components, an implantable 
implant to be selected from one of said proximal 
bodies and one of said distal components, said 
implantable implant to be positioned in the cav- 
ity of the long bone, so that one of said proximal 
bodies and one of said distal components can 
be assembled to form a hip femoral component 
assembly without the removal of said distal 
component from the cavity and so that the im- 
plantable implant can be assembled from said 
implant set. 



12. A kit for use in performing joint arthroplasty, said kit 
comprising: 

25 

a trial for use in performing joint arthroplasty, 
said trial to be fitted to a cavity in the canal of 
a long bone and to assist in performing a trial 
reduction in performing joint arthroplasty, said 
trial including a stem portion and a neck portion 30 
selectively operably connected to said stem 
portion in a plurality of selectable positions with 
respect to said stem portion; and 
an implant for use in performing joint arthro- 
plasty, said implant to be fitted to a cavity in the 35 
canal of a long bone and to assist in performing 
joint arthroplasty, said implant including a stem 
portion and a proximal body portion selectively 
operably connected to said stem portion in a 
plurality of selectable positions with respect to 40 
said stem portion. 

13. A trial for use in performing total hip arthroplasty, 
said trial to be fitted to a cavity in the femoral canal 

of a femur, said trial comprising: 45 



a stem portion, said stem portion defining a lon- 
gitudinal axis thereof; and 
a neck portion selectively rotatably connected 
to said stem portion and fixedly connectable in 50 
plurality of selectable positions with respect to 
said stem portion about the longitudinal axis of 
said stem portion. 

14. A kit for use in performing hip joint arthroplasty, said 55 
kit comprising: 



a trial for use in performing joint arthroplasty, 
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FIG. 4 A 
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FIG. 12 




26 



EP 1 435 223 A1 




27 



EP 1 435 223 A1 




FIG. 15 




28 



EP 1 435 223 A1 




29 



EP 1 435 223 A1 




30 



EP 1 435 223 A1 



FIG. 19 




31 



EP 1 435 223 A1 




32 



EP 1 435 223 A1 




33 



EP 1 435 223 A1 




34 



EP 1 435 223 A1 




35 



EP 1 435 223 A1 




36 



EP 1 435 223 A1 




37 



EP 1 435 223 A1 



FIG. 26 




38 



EP 1 435 223 A1 




39 



EP 1 435 223 A1 



FIG. 28 




40 



EP 1 435 223 A1 




41 



EP 1 435 223 A1 




EP 1 435 223 A1 




EP 1 435 223 A1 



FIG. 32 




44 



EP 1 435 223 A1 




EP 1 435 223 A1 




46 



EP 1 435 223 A1 



FIG. 35 

A 




47 



EP 1 435 223 A1 



700 

\ 



FIG. 36 



Resecting a long bone 



-702 



Preparing a cavity in the meduliary canal of the long bone 



-704 



Providing a trail having a stem portion and a neck 
portion adjustably, fixed connected to the stem portion 
in a plurality of selectable positions with respect to the 

stem portion, the stem portion having a feature to 
cooperate with a bony landmark of the patient 



-706 



Selecting one of the plurality of selectable positions 



-710 



Performing a trail reduction using the trail 



-712 



Determine an optimum position of the neck portion 
with respect to the stem portion 



Selecting an implant with the optimum position of the 
neck portion with respect to the stem portion 
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Implanting a selected implant in the cavity 
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